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Development of the Ideas of Geologic Time and History
By R. F Diffendal, Jr.
Forward and backward I have gone, and
for me it has been an immense journey.
Loren Eiseley
The Immense Journey
Geology is an historical science. It deals
with the three-dimensional Earth and its
development through time, the fourth
dimension of this piece. I cannot remember when I was first introduced to
the idea of geologic or deep time , but
th e introduction occurred early in my
childhood. I know that this was unusual
in my hometown in western Maryland,
and probably was unusual in most
American hometowns in the 1940s and
1950s. My interest in geology and its subdisciplin es was first sparked in the
spring of 1950 by an accidental find on
the grounds of a local industrial plant,
before the advent of the EPA and the
ban on open dumps and open burning.
By the age of ten , several friends and I
had developed interests in science. We
thought that the sciences were extremely interesting ("neat," as we said
in those days) and tried to find ways to
conduct all kinds of experiments. After
school we often stopped at a factory
that made science sets for children. In
back of the factory was an open dump
where the business discarded old ,
flawed , and, to it, no longer saleable
chemicals, glassware, microscope parts,
and all sorts of other materials that were
useful to us. We acquired hundreds of
dollars worth of chemicals and equipR. F Diffendal, Jr. , is a professor at the University
of Nebraska-Lincoln, who has authored many
articles and maps about Nebraska geology. He
is a life member of the Nebraska State Historical
Society.

ment from that dump that none of us
had the money to buy on our own.
One day we happened upon an inverted, conically shaped mound of
pieces of what we took for "rock. " The
mound, as I remember it, was about
four or five feet in diameter and about
three feet high. There were many different kinds of "rocks" in the pile , and
most of these had small pieces of paper
with numbers pasted to their sides. I
thought they were very interesting and
took home as many different kinds as I
could find over the next few days. I then
stopped by the factory salesroom to see
what I had collected. The pieces of
"rock " turned out to be minerals, and
the factory still stocked them and sold a
book explaining how to identify them. 1 I
saved my money, bought the book, and
became an instant expert at school on
mineral and rock identification, subjects
that no teachers taught in the local
schools in those days. I soon started on
the Boy Scout geology merit badge , and
must have had my first introduction to
geologic time at some point between
the first day with my book and the work
on the badge. From my reading, I had
no trouble understanding the notion of
a very long earth history. It seemed like
a perfectly reasonable idea.
Changes in id eas and in technology
can come about as slow incremental
modifications, as well as by major paradigm shifts. In the case of the development of the ideas of geologic history
and time, I will try to present these
changes broadly and then look at how
some of these have affected interpretation of Nebraska geology. Changes of
view on three fronts were important in
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the development of geologic history and
time concepts.
First is the question of the nature of
time. 2 Is time cyclic or is it linear? The
Greco-Oriental cultures had a world
view based on cosmic cycles, but the
Judea-Christian world view was more
linear and reflected the historical nature
of the Bible. Cosmic cycles had a repeating pattern with no beginning or
end to th e cycles. In the linear view
time , the universe, the Earth, and its
creatures had a beginning point and are
moving to an end. The age of the Earth
differed in these two views as well. Cosmic cycles were multiple and repetitious. Each took a long time (12,000
years in one Indian cycle).
In contrast the Judea-Christian view
of the Earth started with the Creation
and ended with the Last Judgment. 3 The
age of the Earth in this view was only
about 6,000 years, calculated in the seventeenth century using Biblical accounts of the numbers of generations
since the Creation. The time and date
of the Earth 's creation were calculated
as noon on October 23, 4004, B.C.E.
(derived in 1650 by James Ussher, archbishop of Armaugh , according to
Stephen Gould), or 9:00 a.m., October
26, 4004 B.C.E. (derived in 1654) . However, other simi lar dates were also circulating.4 All of these had in common a
short duration and linear history of the
Earth. Ussher's latter date was included
as a marginal note in an early edition
(and in subsequent editions) of the
King James Version of the Holy Bib le,
and thus came to be the most widely
cited. (Readers interested in questions
about when a millennium ends, or
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thoughts on the significance of new millennia, may find Gould, Questioning the
Millennium, of interest.)
Second, the development of modern
geologic thought originated in Europe
partly as a result of the long developme nt there of perspective art. Multipoint
and aerial perspective were mastered
by northern European artists during the
Renaissance.5 This mastery of a threedimensional technique and way of
viewing things had a major impact, beginning in the mid- l 600s, on the thinking of early scientists there who contributed to the developme nt of threedimensional views of the transformation
of the Earth through time.
Third , the seventeenth and e ighteenth centuries witnessed the development of ideas regarding how to find
places on the Earth. Observations of the
apparent move me nt of the Sun and
other celestial bodies had been used to
determine latitude position north or
south of the equator with some precision long before this. But determining
longitude reliably, particularly at sea,
re mained impossible until solar tables
and chronomete rs (clocks that would
lose only a few seconds a month) we re
developed in the 1700s. 6 Knowing that
the earth averages one complete rotation about its axis in respect to the sun
in twenty-four hours, the distance east
or west of any north-south imaginary
line passing across the Earth's surface
from the North to the South Pole cou ld
be determined (Fig. 1). To do this the
c hronometer was set at noon at the departure point and the ship then departed. After sailing a distance, noon
time on the ship was determined by noting the time whe n the sun reached its
zenith and comparing this time to the
time at the prime meridian. If the two
times we re the same, the ship was still
located on the prime meridian, but if
the times diffe red, the n the diffe rence in
position east or west o f the prime me ridian could be calculated . If the chronome te r was running fast or slow the calc ulated position could be off by many
miles, so the time piece had to keep

almost perfect time to be useful.
John Harrison, a self trained clockmaker, invented the first successful
chronometer (from Greek words meaning "measure of time") and used it in a
sea trial to determine the longitude of a
ship for the first time in 1736. From this
date on, locating oneself geographically
and making maps became increasingly
accurate and precise.

Fig. l Prime meridian, Royal Observatory,
Greenwich, England, UK. The imaginary 0°
north-south line of longitude was chosen
to run through this place in 1884. All illustratio ns courtesy of a uthor, except where
noted.

By the 1600s, European scholars
we re seeking answers to a ll sorts of
questions regarding measuring space
and time, and northe rn European a rtists
we re c reating landscapes a nd portraits
with pe rspective rathe r tha n flat looking, two-dimensiona l re nditions. Among
them was a natural scientist, Nils
Steensen, a Dane who c hanged his
name to Nicola us Steno. In 1671 he published some obse rvatio ns on the formation of strata and fossils whic h have become guiding principles of geologists to
the prese nt. 7 Three of these are com-
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monly known as the principles or laws
of superposition, original horizontality,
and lateral continuity (Figs. 2A-D; 3).
Steno recognized that strata were deposits of fluids and that they contained
fossils or remains of past life. He observed that when any stratum was deposited , its lower and lateral surfaces corresponded to the surface of the depression
upon which it rested, but that its upper
surface was horizontal or nearly so. All
strata above this lower one were deposited as horizontal or nearly horizontal layers upon the first (law of original
horizontality). He also noted that strata
which are perpendicular to or inclined
from the horizontal were at one time
horizontal. Steno further observed that
when the lowest stratum was formed
none above it existed (law of superposition). Finally he remarked that, when a
stratum was formed, it was either enclosed on the base a nd sides by another
solid substance, or else covered the
earth's surface (law of lateral continuity).
Steno's work laid the foundations for
all later work of geologists trying to piece
together the history of the stratified
Earth. Since the principles were first introduced exceptions have been found to
each. Superposition has an exception
when a molten layer is intruded between
sedimentary strata. In that case a
younger stratum would unde rlie a n older
one. Some strata we re deposited with
sometimes considerable original inclination as for example sedime nts de posited
on the floor of a steeply sloping valley.
And some strata are continuous, but
were deposited from one place to a nother over a long time span and thus a re
not the same age everywhe re . Geologists
have learned what these and other exceptions are and can recognize them.
By the mid-1700s scientists had observed the stars a nd planets and noted
many facts a bout them. Based on these
observations some felt that the Ea rth
was originally molte n and cooled from
tha t state to its prese nt condition. In
1774 Georges Lecle rc, Comte de Bufton
(his name is ofte n shorte ned to Bufton),
published the results of experiments he
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made on the cooling of molten bodies
of different diameters and scaled these
up to cooling of a molten object the volume of the Earth. He calculated that the
Earth had taken 74 ,832 years to cool to
its present state , thus suggesting an age
for the Earth far older than any worked
out from the Biblical chronology. The
debate among scholars on the Earth 's
age from the time of Archbishop Ussher,
which continued for more than two cen-

Fig. 2 Cross sections showing Steno's principles and Hutton's Principle of Cross-cutting
Relationships: A. Stream runoff carries sediment into a lake where it begins to sink to
the lake floor; B. Sediment accumulates as layer l on the floor of the lake-Steno's
Principle of Lateral Continuity (note bottom of layer l fits irregular lake floor, but top of
layer l is nearly horizontal); C. Second period of stream runoff carries new sediment
into waters of lake; D. New sediment accumulates on top of layer l and forms layer 2Steno's principles of Superposition, Original Horizontality, and Lateral Continuity; E.
Movement along earthquake fault cuts rocks beneath lake and layers l and 2, offsetting them from one another across the fault (arrows indicate relative movement on
either side of fault)-Hutton's Principle of Cross-cutting Relationships.

turies, has been the subject of a number
of excellent works. 8
By the late 1700s there were many
scholars discussing the Earth , its age ,
and other ideas about its origin and development. Many of these ultimately
proved to be sidetracks that led nowhere , or were incorporated in part into
other ideas. One idea, however, became
a major contributor to the budding science that would be called geology.
James Hutton of Edinburgh , Scotland,
studied the Earth and its development
and published several works in the
1780s outlining his theory of the Earth. 9
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Hutton viewed the Earth as if it worked
like a machine. Rocks were formed , uplifted , and eroded. Their decomposition
products were transported , deposited ,
hardened into rock, and uplifted again.
Molten rock was intruded into these
rocks and solidified at different times.
This last idea led to the development of
the principle or law of cross-cutting relationships (Fig. 2E), which states that any
geologic feature that cuts across another must be the younger of the two.
For example , an earthquake fault that
disrupts rock is younger than the rock it
cuts (Figs. 4- 6).
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Fig. 4 Earthquake fault in Sioux County, Nebraska.

Fig. 7 Cambrian trilobites, Nevada .
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Fig. 5 Tilled strata along the Front Range, Colorado.

Fig. 8 Dinosaur footprints, Jurassic Morrison Formation
near Denver, Colorado (digitally modified).

Fig. 6 Folded strata, Appalachian Mountains, western Maryland.
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Geologic Time and History
The concluding paragraph of
Hutton's 1788 article, "Theory of the
Earth," is worth inspection because it
led to other major ideas and contributed to the development of yet others.
We have now got to the end of our reasoning; we have no data further to conclude
immediately from that which actually is:
But we have got enough; we have the satisfaction to find, that in nature there is
wisdom, system, and consistency. For having, in the natural history of this earth,
seen a succession of worlds, we may from
this conclude that there is a system in nature; in like manner as, from seeing revolutions of the planets, it is concluded, that
there is a system by which they are intended to continue those revolutions. But
if the succession of worlds is established
in the system of nature, it is in vain to look
for any thing higher in the origin of the
earth . The result, therefore, of our present
enquiry is, that we find no vestige of a beginning,-no prospect of an end ( emphasis added) .10

These words were and are a powerful
statement of a cyclical view of the
Earth's history and of a very long history
indeed. The theory behind the words
was also powerful. Some geologists later
hypothesized that the cycles were of uniform rate and duration while others defended the ideas that rates and durations
varied. Either way, in these geologists'
view the cycles occurred in sequence
within a basically linear time line.
While these arguments were going
on progress was being made in another
area of geology. In 1799 William Smith
described the succession of plant and
animal fossils he observed in the strata
of Great Britain. Certain fossils, Smith
found, occurred only in a certain stratum or a sequence of strata and not in
others (Figs. 7-9). The distribution of
these fossi ls, combined with Steno's
principles, could be used to place one's
self within the stratified rock sequence
across any given land area and to plot
the surface distribution of the sequence
on a map ( Fig. 10) . This principle, the
Jaw of floral and fauna! succession, was
used to develop a worldwide stratigraphic column of rock strata.II By this
method a sequence of events is established. We know which event came first

Fig. 9 Jurassic marine ammonite cephalopod shell in shale, Lyme Regis,
Dorset, England.

and so on to the last event, but not how
much time was required for these
events to happen. This is an example of
relative, as opposed to absolute, geologic dating.
Debate continued through the nineteenth century on the different concepts
of Earth history.I2 But it was the naturalist,
Charl es Darwin, who added the next important theory to the mix that brought us
to where we are today. Darwin proposed
that species were not unchanging, that
they changed through time into other
species by means of natural selection
processes. (This was not a new idea. See
Eiseley, Darwin 's Century [ 196 1], for a
wonderful review.) Darwin's The Origin
of Species is a long work that is frequently
referred to, but rarely read in total. Everyone who talks about Darwin 's ideas
should read the book to see that Darwin
spent much time talking about breeding
experiments on plants and animals and
the results of those experiments. The concluding sentence of the book sums up
Darwin's view of the history of life and of
the Earth: "There is grandeur in this view
of life, wi th its several powers, having
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been originally breathed into a few forms
or into one; and that, whi lst this planet
has gone cycling on according to the
fixed Jaw of gravity, from so simple a beginning endless forms most beautiful and
most wonderful have been, and are being evolved."I 3
Here again we have the difference
between the strictly linear view and the
view of cycles superimposed on a linear
trend , shown well between the ideas of
Smith and Darwin and those of Hutton.I 4
These two views are both incorporated
into today's outline of Earth history.
The time voyagers had to have vast eons
in which to travel and they had, like the
earlier voyagers, to bring back the visible
spoil of strange coasts to convince their
unwilling contemporaries.
Loren Eiseley
Darwin's Century
Darwin and Hutton both called for a
Jong Earth history. A few thousand or
even a few hundred thousand years
would not do to produce the cycles of
the earth and the evolution of life. In
1862-64 William Thomson , better known
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Fig. 10 Geologic bedrock map of Nebraska, with a geologic cross section along the southern Nebraska border,
1991; compiled by Raymond R. Burchett and Roger K. Pabian, and drafted by Jerry P. Leach. The unconsolidated
sediments of recent and Pleistocene age, which cover the bedrock throughout much of the state, are not indicated.
University of Nebraska-Lincoln, Conservation & Survey Division, and the Institute of Agriculture and Natural Resources

today as Lord Kelvin , began to publish
works on the age of the Earth based on
physical principles. 15 Kelvin, like Buffon
before him , assumed that the Earth originated as a fully molten body and cooled
to its present state. Using improved concepts of how fast this cooling proceeded ,
Kelvin initially calculated an age of 98
million years with a range from as little
as 20 million years to as much as 400 million years for the Earth since its origin .
Over the years Kelvin revised these figures downward and others went even

farther, but the age was still in the multimillion year range. These dates were far
too long for some Biblical scholars and
far too short for most geologists and evolutionary biologists.
As noted earlier, John Harrison invented a good chronometer to help determine longitude in the early 1700s. A
century and a half later, other researchers began a search for accurate and precise "chronometers" to determine the
time that it had taken for the geologic
rock column to accumulate and for the
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oceans to reach their present salinity;
and to establish the dates when minerals and rocks formed.
Sediment deposition rates might be
one such measure by which to estimate
the length of time required for the
Earth's crustal strata to form. By the midnineteenth century, vast amounts of
data were being recorded about many
phenomena worldwide. Assuming that
sediments were removed from the lands
at a uniform rate and deposited in the
seas and oceans, if you had an estimate
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Fig . 11 Varved lake sediments from so-called Lake Diffendal, Keith County, Nebraska.

of the annual volume of these sediments deposited worldwide, and an estimate of the total thickness of such deposits of all geologic ages, the time
required for the rocks of the geologic
column to form could be calculated.
Following this general approach, John
Phillips of Great Britain used available
data in 1860 to derive a very approximate estimate of 96 million years for the
formation of the Earth's sedimentary
rocks.16 In 1878 Samuel Haughton, an
Irish geologist, using somewhat different
reasoning and data, reported an estimate of about 200 million years to accumulate all of the fossiliferous rock strata
of the earth .17 John Goodchild of Scotland in 1896, using different methods
deemed appropriate for different parts
of the geologic column, calculated an
estimated time span for the accumulation of the column of over 700 million
years. 18 Other contemporary estimates
d iffered widely, some much less than
those reported above, but all in the
multimillions o f years range. Unfortunately these efforts did not produce the
needed "chronometer."
In 1884 G. DeGeer began a study of
rhythmically layered lake sediment in
Scandinavia. 19 Known as a varve, it consists of two layers of sediment: a thick

coarser-grained, light-colored layer deposited during periods of high runoff
and precipitation in spring and summer;
and a thinner, finer-grained, dark-colored layer formed in the fall and winter,
when the lake was frozen over and only
sediments suspended in the water
settled onto the bottom (Fig. 11 ).
DeGeer found that these varves varied in
thickness from year to year because of a
number of factors, but in general the
pattern of varve thickness change was
similar from one lake to another. Comparison of varve sequences from extant
lakes and from filled-in lakes could be
used to date events in the lakes, and to
correlate events from one lake to another. DeGeer first published the results
of his studies of varves in 1912. 20
Late in the last century, scientists began to ask how old the oceans were. If
one assumed that the earth was cooled
from a fully molten state, then at some
point the surface would be cool enough
for w ater vapor to begin condensing and
precipitating as rain. The oceans would
have formed as fresh water bodies and
would become progressively saltier
through time by dissolution of the components of salt, mostly sodium and chloride ions, from the decay of rocks on
land. If you knew how much dissolved
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salt reached the oceans from land each
year, assumed that all salt in the oceans
came from decomposition of rocks on
land, assumed that the land areas and
runoff had been the same throughout
earth history, assumed no recycling of
salts, and knew the volume (which
wou ld remain constant) of the oceans,
their age could be calculated by simple
mathematics. John Joly, an Irish geologist, performed this calculation in 1899
and arrived at a general estimated range
of 90 million to 99.4 million years for the
age of the oceans. 21 Both Joly's assumptions and methods were attacked, and
the idea was discarded soon after its
presentation.
We have reached 1900, and scientists
at that time were still looking for the elusive "chronometer, " the measure of
time, that would allow them to produce
precise and accurate dates of geologic
events. The clock was ticking down to
the date of the invention of the first absolute dating technique. In 1896 Henri
Becquerel discovered natural radioactivity . Shortly thereafter, the scienti fic
view of the age of the earth was altered
greatly. From 1900 to the present, devices have been invented to measure
abundances of elements and their isotopes, and techniques have been developed to use these devices to date geologic materials (Table 1). The advent of
dating can be traced to the Ernest
Rutherford and Frederick Soddy discovery and announcement of the radioactive decay law in 1902-3, which w as
used to determine the half-lives of radioactive isotopes of elements. This law
states that the number of atoms which
decay during a given period of time is
directly proportional to the number of
atoms o f the radioactive element
present in the sample.22 Atoms of an isotope of a radioactive element b reak
down or decay into atoms of an isotope
of a non-radioactive element at a set
rate that does not vary through time.
The time required for half of the atoms
of a mass of a radioactive isotope to decay into non-rad ioactive products is
known as the half life of the radioactive
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Table l Dates of Inventions and Development of Absolute Dating Techniques

Date

Device Invented

Radiometric Dating
Technique First Used

1907

First Mass Spectromet er

Uranium/ Lead

1908

Scintillation Counter

1912

Improved Mass Spectrometer

1912

Geiger Counter

1913
1928

Uranium/ Lead Methods
Used to Make Time Scale
Geiger-Muller Counter
Rubidium/Strontium cs1Rb/s1s r)

1938
1940s

Nuclear Magnetic Resonance

1946

Carbon-14 (1 4C)

1948

Potassium/ Argon ( 4°K/40Ar)

1952

Neutron Activation Analysis

1962

Fission Track Dating

1970s

Accelerator Mass Spectrometer

1975

X-ray Fluorescence

1982

Laser Microprobe

1983

Ion Microprobe

isotope. When a mineral containing atoms of a radioactive isotope first forms,
a lmost no a toms of the stable decay e lement are present in its structure; but at
the end of the first half-life time the mineral has ha lf of the o riginal radioactive
atoms still present and half of the stable
decay element.
Devices capable of measuring the
amounts of a radioactive isotope a nd its
stable decay ele me nt were soon invented and put to use in dating radioactive minerals. The first primitive mass
spectrometer used to identify diffe re nt
isotopes and to measure the ir a mo unts
was invented in J. J. Thomson's lab in
1907 and used to measure isotope ra tios
in samples. In the same year Bertram
Boltwood reported a me thod of absolute age dating using uranium/lead ratios. In 1908 scintillation counte rs we re
invented; the Geiger counter (also for
detection of radiation) and an improve d mass spectrometer followe d in
1912. The n Arthur Holmes of Great Brita in began to test the theories and to use

the hardwa re to devise the first absolute
geologic time scale using ura nium/ lead
dating in 1913. Soon other devices we re
inve nted and o ther dating techniques
developed (Table 1) .23
Dating and refinement of the time
scale by Arthur Holmes and othe rs has
continued since 1913. 238U/206 Pb (Uranium/Lead), 232Th/2°8Pb (Thorium/
Lead), 4°K/40Ar (Potassium/Argon), a nd
14 C (Carbon-14) dating methods were a ll
devised from 1938 to 1948 and have
been used to revise the geologic time
scale since the ir developme nt. 24
I wa nt to note four othe r forms of dating: tree-ring dating, an absolute dating
technique; flu o rine dating, a re lative
dating technique; human c ultura l debris
dating, whic h can yield e ither relative or
a bsolute dates; and fission track dating,
which yields absolute dates for much
o lde r mate ria ls tha n tree rings yie ld .
Tree-ring da ting or de ndroc hrono logy
was first applie d in 1925 to studies of the
ages of wood used in Native Ame rican
dwellings a nd o the r sites in the western
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United States. Species of trees with well
developed annual growth rings are studied (Fig. 12) . Using wood from a longlived living tree, rings that vary in width
depending on growing conditio ns can
be compared to rings from unknown
samples to determine the oldest age of
the unknown , rather like the varve dating mentioned earlier.
Fluorine dating was first used in
1949- 50 to resolve the question of the
authe nticity of the so-called Piltdown
Man of England.25 Fluorine occurs naturally in groundwater, a nd bones buried
in the ground have a natural affinity for
absorbing the fluorine. The longe r the
bones are buried the more fluorine they
contain. If the bones of a skeleton of an
anima l are all buried at the same time,
they should a ll have about the same
amounts of fluorine present in them pe r
unit volume of bone. The bones of Piltdown Man did not.
Archaeologists have used artifacts for
relative dating of sites for a long time.
Charles Hunt wrote a nice little piece
detai ling how bottles and cans could be
used to date mining camps. This
method has a lso been usefu lly applied
at sites in Nebraska. 26
The method of fission track dating
was first described in 1962 by Price a nd
Walker. 27 As radioactive isotopes decay
in mine rals like zircon and in natural
glasses erupte d from volcanoes, they
e mit a lpha particles that produce tubula r
openings in the glass. The o lde r the mine ra l or glass the mo re of these tu bes or
fission trac ks a re present in the sample.

The door to the past is a strange door.
Lore n Eise ley,
The Immense Journey
In the past one hundred years, a number of "chronomete rs" have been employed to tell Ea rth's "deep time," as the
author John McPhee called it. Some
have been use d in studies of Nebraska's
natura l history with greate r or lesser success. Steno's principles, Hutton's princ iple of cross-cutting re lationships, and
William Smith's princ iple of flo ra l a nd
fauna! succession have bee n used to
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piece together the geology of the state
and to fit it into the worldwide geologic
column. Dendrochronology was used to
work out a tree ring record of precipitation by Harry Weakley in the 1940s. More
recently Lawson and others employed
this method at eastern Nebraska sites.
John Boellstorff used the fission track
method to date volcanic ash beds in Nebraska and adjacent states. His work
revolutionized our concepts of the ages
and relationships of Ogallala Group and
younger sediments here. Boellstorff calculated dates for the Ogallala ash beds
ranging from 10.6 to about 5 million
years and dates for Ice Age ashes ranging
from 2.2 to 0.6 million years. 28
Carbon-14 dating has been employed
at Nebraska sites younger than 3040 ,000 years old for many years. Recently my colleague, Jim Swinehart, reported C-14 dates of peat and other
plant materials in Sand Hills lake sediments and beneath the dunes and used
these to revise our thinking about the
ages of the dunes and their relationships
to the lakes. 29 Carl Swisher, formerly a
student at the University of NebraskaLincoln and now at UC Berkeley Geochronology Lab , has dated volcanic ash
beds from the White River and Arikaree
Groups of western Nebraska, which resulted in major changes in our thinking
about the ages of these strata and how
quickly they were deposited. 30 Swisher's
dates for these deposits ranged from
31.8 to 28.3 million years. Paul
Johnsgard described reports on Lake
Diffendal, a large natural dune-dammed
lake hypothesized to have been in the
North Platte Valley from about 8,000 to
10,500 years ago roughly in the position
now occupied by Lake Mcconaughy.
And most recently, Michael Perkins has
studied the volcanic ash beds in the
Ogallala Group in Nebraska and for the
first time correlated them to specific
eruptions of volcanoes on the Snake
River Plain in Idaho. 31
Astronomers estimate that Earth
formed around 4.5 to 5.0 billion years
ago. The oldest rocks on Earth dated so
far using radioactive dating methods are

Fig. 12 Tree rings . Note variation in widths of ring couplets.

about 3.8 billion years old. Visualizing
time spans this great is difficult. Science
writers often use the year as a model to
explain how vast these dates are , in
comparison to the length of human history. If one year represents 5 billion
years, then human history fits into the
last minute of that year.
Another way of visualizing this great
span of time is to visit a big library system such as the one at the University of
Nebraska-Lincoln (UNL). There are
more than 2 million books and bound
periodicals in that library's holdings.
Let's estimate that the average length of
each is 300 pages, making the total
holdings more than 600 million pages.
If the 5 billion years of Earth's history is
represented by those 600 million pages,
then the 6,000 or so years of recorded
human history fills about 720 pages, or
2.4 books. The oldest fossi ls of recognizable Homo sapiens found so far were
collected from deposits dated at about
150,000 years. Using the approach outlined above, this period of years is
equivalent to about 18,000 pages or
about 60 bound volumes in the UNL Ii-
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brary system. Walk into the UNL library
stacks and contemplate those ideas and
t e vastness of geologic time!
To some extent the arguments about
a short Earth history of a few thousand
years versus a long history of billions of
years are still going on today. Most natural scientists support the long history.
However, some people including Richa rd Milton , John Whitmore, and Eddie
Zacapa support the idea of a short one.
Many also think and write about time
and our place in it (e.g., G. G. Simpson in
The Dechronization of Sam Magruder). 32

My view, developed since the day that
boy I was found a career on the discard
pile of a Maryland factory , is that
Nebraska's geologic history extends from
r cks billions of years old buried beneath the surface to sediments accumulati ng today. It is a story of volcanism,
faulting, flooding by ancient seas, erosion of emergent lands by rivers and glaciers, winds moving sands and silts, and
shifting and ever-changing landscapes.
To understand that geologic history, you
must be willing to think in four dimensions and to take an immense journey.
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